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(54) SOLID OXIDE ELECTROLYTE FUEL CELL MODULE AND ITS PRODUCTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell electrolyte sheet with 
a surface uneven pattern having an allowable distortion of 0.5% or higher 
in whatever direction of sheet surface. 

SOLUTION: An unfired flexible ceramic sheet containing a ceramic 



powder and a thermoplastic organic binder is formed, and at least a 
portion of the unfired ceramic sheet is heated to soften the binder to 
form a thermally softened sheet. The softened sheet is reformed to form 
a pleated sheet, having a sheet uneven array forming multidirectional 
surface pleats on at least a portion of the sheet. The pleated sheet is 
fired to remove the binder and sinter the ceramic powder to form a 
flexible ceramic sheet with the multidirectional surface pleats. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A flexible ceramic sheet, wherein a sheet surface is provided with an uneven pattern which has 0.5% or 
more of distortion tolerance about any directions of a sheet surface. 

[Claim 2]The flexible ceramic sheet according to claim 1 having at least 1% of distortion tolerance about all the 
directions of said sheet surface. 

[Claim 3]In a flexible ceramic sheet which equipped at least 1 surface portion with a concavo-convex array, (a) 
said unevenness — from said surface portion — all — linear — a position which removes a ridge or a straight 
line, [ occupy and ] and (b) — said flexible ceramic sheet having pack density with said sufficient array to give at 
least about 1% of theoretical distortion tolerance to said surface portion. 

[Claim 4]The flexible ceramic sheet according to claim 3 in which said surface unevenness is characterized by 
giving a curvature radius of not less than 2 mm to the surface of said sheet. 

[Claim 5]The flexible ceramic sheet according to claim 3 in which said surface unevenness is characterized by 
having a height of 2 mm or less. 

[Claim 6]The flexible ceramic sheet according to claim 5 in which said surface unevenness is characterized by a 
hexagon or circular or having the shape of the Penrose tile. 

[Claim 7]The flexible ceramic sheet according to claim 1 in which the main ingredients are characterized by 
having the presentation which consists of zirconia. 

[Claim 8]In a manufacturing method of a flexible ceramic sheet which has distortion admissibility, a flexible 
ceramic sheet which is not calcinated [ containing the end of ceramic powder and a thermoplastic organic 
binder ] is formed, Provide a sheet which heated these at least some uncalcinated ceramic sheets, was made to 
soften said binder, and was softened with heat, and a this softened sheet is remolded, Provide a ribbed-neck 
sheet which has a concavo-convex array of this sheet which forms a multiple-directions surface rib upwards in 
part at least, and this ribbed-neck sheet is calcinated, Said method including each process of removing said 
binder, and making said end of ceramic powder sintering, and obtaining a flexible ceramic sheet provided with a 
multiple-directions surface rib. 

[Claim 9]A solid oxide type fuel cell module comprising: 

(a) A flexible ceramic electrolyte sheet provided with a surface unevenness pattern which has 0.5% or more of 
distortion tolerance about any directions of a sheet surface. 

(b) A cathode layer arranged in one field of this electrolyte sheet, and an anode layer arranged in a field of 
another side of the (c) aforementioned electrolyte sheet. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] I 
[0001] 

[Field of the Invention]This invention relates to the electrolyte/electrode assembly for the flexible ceramic sheet 

as a solid electrolyte, and a device like a fuel cell especially about the field of electrochemistry. 

[0002] 

[Description of the Prior Art]The tough and thin flexible ceramic sheets and tapes which have various 
presentations, and those preparation methods are indicated by U.S. Pat. No. 5,089,455. As taught to U.S. Pat. No. 
5,273,837 these sheets, Since it has the flexibility of a ceramic sheet, and high toughness in a part and the anti- 
sex outstanding to thermal shock fracture is shown, it can use for constituting the solid electrolyte for a fuel 
cell, and other parts. Building a thin ceramic sheet into the corrugated panel structure for fluid heating which 
contains the thin conductive metal layer as an electric heating element in U.S. Pat. No. 5,519,191 is indicated. 
[0003]The composition of the curved electrode and electrolyte which reduce the heat stress generated working 
[ usual / of a fuel cell ] is indicated by PCT patent application public presentation the W099 / No. 44254. 
Controlling such heat stress using the fiat electrode/electrolyte of a ribbed neck, It is proposed by the "solid 
electrolyte thin film for easing heat stress" by Tomida etc. (the 93 to 4th volumes of the conference note of 3rd 
international symposium JUMU about a solid oxide fuel cell, 74-81 pages, an electrochemistry association, 1993). 

[0004] 

[Problem(s) to be Solved by the Invention]It has been proposed in order to use for various fuel cell structures 
including the composition which supports a positive electrode layer and catholyte, and by which a planate 
electrolyte sheet is substantially characterized as a lamination type fuel cell structure. In one of such the 
laminated structures, each flat electrode / electrolyte subunit are joined, And edge is supported according to the 
set frame structure, and the frame and subunit of these large number are laminated, and it is electrically 
connected in parallel or in series, and the current output or voltage output of a fuel cell demanded for a specific 
use is provided. 

[0005]In the fuel cell structure where such a manifold was formed, though perfect thermal expansion matching to 
the manifold supporting structure of an electrolyte/electrode sheet is taken, thermal excursion stress is 
unavoidable. This is because manifold structure generally has calorific capacity higher than a sheet, and is much 
slower than an electrolyte/electrode sheet, so an electrolyte/electrode sheet receives severe stress in multiple 
directions simultaneously in spite of taking a certain amount of thermal expansion matching. [ of a rise and 
descent of temperature ] 

[0006]Though regrettable, the material and structure for the fuel cell electrolyte of thin ceramics are not 
provided with the heat resistance of a level required to guarantee the operation which has the reliability of a fuel 
cell in the structure of lamination or others while an inescapable temperature cycle is maintained in the usual 
operation. The conventional electrolyte in particular is not provided with the high distortion tolerance and the 
anti-sex of multiple directions required since it is not damaged when a big pressure required to guarantee the 
prolonged reliability **** operation in a fuel cell is added. 
[0007] 

[Means for Solving the Problem]This invention relates to providing a ceramic electrolyte layer provided with high 
distortion tolerance, and the above-mentioned electrolyte is formed with a tough thin ceramic sheet provided 
with a two-dimensional surface unevenness pattern. For example, a flexible ceramic sheet provided with a 
surface unevenness pattern with more preferred having 0.5% or more of distortion tolerance about any directions 
of a sheet surface, and having at least 1% of distortion tolerance about any directions of a sheet surface can be 



http://www4JpdUnpit.go jp/cgi-bi^ 2008/10/30 



JP.2001-229935.A [DETAILED DESCRIPTION] 



2/6 ^-v 



easily created by a following method. 

[0008]A useful uneven pattern gives very high multiaxial distortion tolerance to the above-mentioned sheet, 
without causing stress concentration to which intensity of a sheet is reduced. A suitable example of an uneven 
pattern is continuous, an overlapping crevice, or heights of others which are provided with heights or 
unevenness which has a section of a multiple-directions rib or a waveform, circular, a polygon, or others, are not 
provided with a sharp sheet bend, and do not change plane shape of a sheet A one-dimensional pattern like a 
unidirectional rib which has only the distortion tolerance of one axis is not helpful. 

[0009]It a desirable uneven pattern not only permits a big distortion within a field, but permits big elastic 
deformation of a direction vertical to a field of a sheet This desirable pattern also bears a big temperature 
gradient and big thermal expansion difference which are received from other fuel cell part articles put together, 
without being accompanied by a crack of an electrolyte and loss of generating active current 
[0010]Furthermore, this invention includes a preparation method of a ceramic sheet which has the thin distortion 
admissibility for manufacture of an electrolyte and an electrolyte / electrode. If this method is outlined, a non- 
baking sheet layer which has thin cohesiveness will be formed on a suitable temporary base material, 
Unevenness patternized by this sheet in the state of un-calcinating is formed, it is made to join by calcinating a 
sheet on which this uneven pattern was subsequently stamped, and each process of removing a binder and a 
base material [-like at the time of top Norikazu ] is included. A method of using for stamping a desired uneven 
pattern on a non-baking sheet includes vacuum forming, press forming, roll press shaping, crimp attachment, or 
other usual surface molding methods. 

[0011]Thus, although an electrolyte sheet which has the created distortion admissibility is employable as various 
fuel cells with which structures differ, in plane area layer type fuel cell structure, it is especially worthy. This is 
because an electrolyte sheet which has the distortion admissibility by this invention shows an anti-sex much 
higher than the conventional ribbed-neck electrolyte sheet or other electrolyte sheets to a mechanical damage 
under temperature cycle conditions in edge support type electrolyte structure especially. 
[0012] 

[Embodiment of the Invention]In all the solid oxide fuel cells, in order that maintaining the good electric 
interengagement between an internal connection part and an electrode may obtain good performance, it is 
required. In a lamination flat-surface type fuel cell, the problem of contact arises in the flat-surface type fuel 
cell which has comparatively ****** electrolyte / electrode / aggregate structure especially in many cases as a 
result which the temperature gradient along the gas stream moving direction inside the device leading to the 
differential heat stress which makes structure distorted and is twisted generates. 

[0013]One advantage of using the electrolyte/electrode sheet which has flexibility with the structure supported 
by the frame is having the capability forming the edge of a sheet, and improving an edge sealed part, and 
reducing the loss by a contact problem. When the electrolyte/electrode sheet which prepared effective big 
multiple-directions distortion tolerance for it being convenient are used, The danger of producing the loss of the 
electric interengagement in a mechanical damage and/or an edge sealed part is not only reduced, but the 
elasticity of the sheet of a direction vertical to a sheet plane is improved, and it reduces remarkably a possibility 
that the fracture of the sheet by bending of a structure and/or an electric interengagement loss will arise. 
[0014]The pattern in which a rib is prolonged in the specific sheet unevenness or multiple directions used for 
giving effective high multiple-directions distortion tolerance to a sheet is chosen according to the specific 
demand in the environment where it is going to operate fuel cell elements. The pattern in which the most 
uniform largest and effective distortion tolerance is shown to multiple directions among many patterns is the 
combination of a hexagon and the Penrose tile (so to speak repeating structure), T type, a twill pattern, a bow 
tie form, a waveform quadrangle, herringbone and a quadrangle, and an octagon, etc. 

[0015]The pattern which is not helpful for building desired multiple-directions distortion tolerance is a pattern 
which the straight way or field which consists of the ridge or the completely even seat part of a straight rib 
formed the line which is not interrupted, and has been prolonged from one E@J JI of the sheet to the edge of 
another side. The ridge or the straight line in a sheet surface which has not been interrupted forms the very low 
axis of distortion tolerance to a sheet surface, big stress occurs in accordance with the above-mentioned axis 
while in use, and the danger that a sheet or a contact portion will be destroyed finally increases. If the pattern of 
this form is not suitably shifted in order to prevent a straight ridge or line from being formed, it contains many 
regular uneven patterns in which the pattern and the triangle, square, and rectangle of the parallel rib were 
repeated. 

[0016]The pattern in which a rib is prolonged in the multiple directions which are not helpful is shown in drawing 
^(a) - drawing 4 (c) providing the electrolyte sheet which has the distortion tolerance by this invention. The line 
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in these figures expresses the boundary of the crevice of a sheet or heights which has the shape surrounded by 
these lines. All the features of such block construction are that the straight line is continued and prolonged for 
the overall width or the overall length of a sheet. Therefore, even if the pattern of the rib shown in ** has the 
prolonged character in multiple directions, it does not carry out the operation which receives a sheet and raises 
the distortion tolerance of a direction parallel to a spiral. 

[0017]On the other hand, drawing 5 (a) - drawing 5 (g) show the pattern in which the rib which is distorted to 
any directions of a sheet surface, and raises tolerance is prolonged in multiple directions. The feature of an 
uneven pattern expressed by these diagrams is that there is no linear line continued and prolonged for the 
overall length or overall width of a sheet. Although the rib of the concentric circle is suitable about the circular 
or circularly near electrolyte sheet, it is not helpful to the sheet of a rectangle and a square. The radiate rib 
which has a linear shape ridge which extends from one edge of the sheet of a square or a rectangle to the edge 
of an opposite hand is not helpful, either. What is necessary is just to have a line of the curved ridge which 
extends from one edge of the sheet of a square or a rectangle to nearby edge, even if it is a rib of a concentric 
circle. Of course, if there is no linear ridge, an aperiodic pattern can also be used thoroughly. 
[0018]If the height of the pattern of the selected unevenness is increased, the effective distortion tolerance 
theoretically obtained with a sheet can be raised, but it must avoid for many following reasons that unevenness 
becomes deep and a sheet surface changes too much or rapidly. The direction of a shallow rib adapts itself to a 
conventional electrode formation method like screen-stencil, and keeps the surface smoothness of the shape of 
an electrode/electrolyte at the 1st further, and the composition of electric contact and a fuel cell element like a 
collector combined is simplified. Deeper unevenness makes it produce the rapid sheet bend which acts as stress 
raisers, when a sheet is extended to the 2nd. Therefore, increase of the theoretical stress by deep unevenness 
becomes a thing of the more than offset by reduction of the sheet fracture strength generated on a sheet, when 
high stress is received. 

[0019]Stamping the uneven pattern chosen as the thin ceramic sheet can be attained by the way many differ. 
For example, a ceramic sheet material thin enough can be remolded by plastic deformation hot [ lower than 
those melting temperature ]. 

[0020] However, the pattern formation of a more effective and economical sheet can be attained by the method 
of this invention which remolds a raw uncalcinated sheet by a room temperature or temperature near it, before 
calcinating to a perfect ceramic film. It is known that a binder compound useful for tape flow casting of powder 
ceramics provides sufficient plasticity which enables the easy stamp in many room temperatures of a useful 
uneven pattern, and elongation. Instead of this, the uncalcinated ceramic sheet formed by distribution or 
suspension of tape flow casting powder with the thin thermoplastic base film, Useful versatility can carry out die 
pressing to forming a pattern on the surface of a plastic, it can process by either the molding method or a 
vacuum forming method, and a base film provides the required additional base material for an uncalcinated 
ceramic sheet through a remolding process. 

[0021]The example explained below indicates an example of the employable low-temperature remolding method. 
[0022] Example: Create a sheet as follows from the manufacture zirconia powder o f the ceramic sheet which has 
distortion admissibility in the ceramic powder end of un-calcinating [ which was combined by polymer ]. A 
ceramic slip is prepared by mixing the zirconia powder (TZ-3Y powder by Japan and Toso) first stable by yttria 
with the mixture of ethanol, butanol, propylene glycol, and water. Zirconia powder without a 100-g impurity 36.4 g 
of ethanol, It adds to the mixed liquor of 8.8 g of 1 -butanol, 2 g of propylene glycol, 2.5 g of distilled water, and a 
1— g fluid dispersing agent (Emphos PS-21A dispersing agent made from Witco Chemical Company) prepared 
beforehand. The obtained dispersion liquid are moved to a kneading bottle, and it applies to a vibration mill by 
using a zirconia ball as a kneading medium for 72 hours. 

[0023]A coarse zirconia particle is removed from suspension, the particle-size-distribution range within a final 
ceramic slip is narrowed, and the kneaded suspension is processed through a double precipitation process. In 
this processing, it is made to precipitate first for 72 hours, and then a decantation separates a fluid from 
settlings. Next, the acquired slip is settled for further 24 hours, and a fluid is separated from settlings. 
[0024]Thus, alcohol and the acetic acid mixed liquor which consists the provided slip of 50% of the weight of 
glacial acetic acid and 50% of the weight of isopropyl alcohol are made to add and condense. This mixed liquor 
shakes the slip which was made into this acidity next by the ratio of one or more weight sections of acetic acid 
to 100 weight sections in the end of ceramic powder it remains after precipitation in addition to the slip, and 
mixes it thoroughly. After adding a flocculating agent, in addition to the zirconia powder of 100 weight sections 
each which remain after precipitating, the additive agent for film formation which consists of a dibutyl phtalate 
liquid plasticizer of about 3.5 weight sections and a polyvinyl-butyral powder binder of six weight sections is 
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shaken gently after that, and it mixes thoroughly. The acquired slip has viscosity suitable for tape flow casting. 
[0025]The existing flexible cohesiveness zirconia sheet is formed from this slip by casting the above-mentioned 
slip on the thin methyl cellulose stratum disjunctum beforehand given to the flat casting face. The above- 
mentioned stratum disjunctum consists of a dry methyl cellulose tunic for tape flow casting with a thickness 
[ the 2 % of the weight solution of Dow K-75 Methocei (registered trademark) to ] of about 0.0005 inch (13 
micrometers). Thus, the provided tape flow casting layer provides the uncalcinated ceramic sheet which has 
flexibility, after removing a volatile slip vehicle component by desiccation. 

[0026]After the ceramic sheet which has this flexibility is formed, tape flow casting of the acrylic polymer 
finishing coat for support is carried out on a ceramic sheet, and it is made to dry. Besides, a coated layer is 
provided from the acrylic ester solution containing 71% of ethyl acetate solvent which added 25% of poly 
METAKURI acid methyl, and 3.5% of dibutyl phtalate (Aldrich Chemical Company). Tape flow casting of this 
acrylic ester solution is carried out, and the polymer film finishing coat which has flexibility is provided by 
subsequently making it dry. Besides, a coated layer is well pasted up in the ceramic sheet layer which is 
downward, and the cohesiveness composite sheet which consists of a ceramic sheet and an acrylic ester 
finishing coat is provided. This cohesiveness composite sheet can be easily pulled apart from the above- 
mentioned cellulose stratum disjunctum, after all the layers get dry thoroughly. 

[0027]Thus, in order to operate the zirconia sheet which is distorted from the provided compound ceramic sheet 
and has admissibility orthopedically, the metallic mold provided with the clipping of the hexagon of a large 
number which set the interval regularly is used. This metallic mold consists of a metal grill with a thickness of 
about 0.6 mm which forms a clipping of the hexagon of a large number which make the array which comprised a 
sequence from which the hexagon which forms a honeycomb pattern shifted, and which crowded, and the center 
interval between sequences is 6.5 mm. The metallic frame structure which encloses the above-mentioned 
clipping is provided with the isolation rib (about 0.6 mm in width, and 0.6 mm in thickness) between six square 
shapes each and the hexagon of six pieces of the circumference. The clipping 1 2 of the hexagon of a large 
number which drawing 2 (a) and (b) shows the metallic mold of this composition, and make the array which 
crowded is formed in the metallic mold 10. 

[0028]Thus, in order to form the zirconia sheet which has a rib prolonged in multiple directions in the provided 
metallic mold, it places on a vacuum table, and this table and metallic mold are preheated at about 60 **. Next, a 
portion with a size of 31 cm x 27 cm of compound the uncalcinated ceramic sheet created as mentioned above 
is placed on the above-mentioned metallic mold, and the insulating part of a foaming polymer board is placed on 
a sheet and a metallic mold, and they are made to reach a uniform temperature. Next, since a vacuum table is 
operated for about 10 seconds, a vacuum is intercepted, and an uncalcinated ceramic sheet is removed and 
inspected from a metallic mold. 

[0029]The sheet provided with the rib which was obtained from this remolding process and which is prolonged in 
multiple directions is an uncalcinated ceramic sheet provided with unevenness of the hexagon which separated 
the interval corresponding to the interval during a clipping of the ac{joining hexagon in a metal honeycomb 
metallic mold, and was isolated mutually to which unevenness was given regularly. It calcinates in the 2-hour air 
on the fireproof mount in the electric firing furnace which operates this non-baking sheet orthopedically to a 
right quadrangle by a rotary type cloth cutter, and then operates at 1430 **. Next, the sheet calcinated 
thoroughly is picked out from a furnace and inspected. 

[0030] Drawing 1 (a) and (b) is calcinated thoroughly, and the hexagon uneven pattern provided with the 
unevenness 22 of the hexagon of a large number attached at the time of a remolding of an above-mentioned 
non-baking sheet is being fixed. If created by this method, the calcinated sheet will serve as zirconia and a 3 mol 
% yttria constituent about 20 micrometers thick in which the center interval between the sequences of a 
hexagon supports the array of hexagon unevenness about 0.15 mm deep at about 4.5 mm. If a sheet surface is 
pushed by hand, the unusually high distortion tolerance of this sheet is clear when the stretch or "bending" 
easily identified by the sheet arises. It was measured that the distortion tolerance of this self-standing sheet 
exceeds 1%, without producing a crack. 

[0031]If the remolding process adopted as processing of an uncalcinated ceramic sheet is changed, the 
character or grade of an uneven pattern can be changed. For example, if vacuum forming time is shortened at 1 
thru/or 3, or 4 seconds, a shallower rib will be formed, and if a polyethylene sheet is placed on an uncalcinated 
ceramic sheet and time of vacuum suction is lengthened on the other hand (i.e., if cycle time is lengthened), 
deeper (high) unevenness will be formed. 

[0032]However, if it is going to deal with the problem of heat distortion using the large rib of the interval which is 
too high or curved instead of being the shallow rib which the interval approached as mentioned above, the 
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distortion tolerance and the maximum disruptive strength of a ceramic sheet will be restricted. As an example 
with which explanation of this operation is presented, although it was comparatively large, the cross shape array 
which consists of the sudden rib or ridge of an inclination created temporarily the zirconia (YZT) sheet stable by 
yttria provided with the rib prolonged for the two way types which are about 40 micrometers in thickness of the 
feature, these ribs — a ridge — an interval — about 1 cm and a ridge — the curvature radius of the edge of 
about 1 mm and a ridge is mutually shifted [ height ] by the width of the root of about 2 mm and a ridge 90 
degrees in 0.4 mm. 

[0033]Although the rib prolonged for [ of this sheet ] two way types raises the sheet distortion tolerance of the 
multiple directions on a sheet surface, in a distortion lower than a practical level, a crack produces the self- 
standing ceramic sheet of this form. Such crack damage is produced in the crowning of a rib in many cases by 
the depth of a rib and the interval which were adopted, and concentration of the bending stress in the ridge of a 
rib. 

[0034] From the above-mentioned reason, the uneven pattern provided by this invention is provided with the 
concavo-convex aggregate in alignment with the axis of the direction of either appropriate at least of the sheet 
surfaces, and permits theoretical stretch [ all the directions of / within a sheet surface ] of 1% or more. About 
the sintered ceramic sheet which makes zirconia a subject, it is desirable for the uneven pattern of a rib or 
others to have about 2 mm or a curvature radius of 100 times or more of the thickness of a sheet. The time the 
uneven pattern of a rib or others measures from the basic surface of a sheet, and has a height of about 2 mm or 
less is preferred. 

[0035]The special advantage of this invention is being able to develop an uneven pattern suitable for the specific 
use about the ceramic sheet which has distortion admissibility so that it may meet the specific demand. For 
example, when the part as which the sheet was chosen is expected high surface smoothness in order to meet 
the demand which carries out processing treatment of special electric contact or electrode, it can have a flat 
part with the portion which the sheet equipped with the patternized unevenness. 

[0036] Drawing 3 showed the sheet structure of this form, enclosed the center portion 34 with a flat rectangle, 
and is provided with the peripheral part 30 which has the rib or unevenness prolonged in multiple directions 
provided with the unevenness 32 of many hexagons. This structure suits for the use that a sheet is supported 
with a frame in that periphery, especially well. About the supporting structure of this form, the flat center portion 
of the sheet is isolated from the excessive distortion of all the directions in a sheet surface by the peripheral 
part provided with the unevenness which has the surrounding high distortion tolerance. Since airtight edge 
closure as which larger sheet modification is required is enabled neutralizing the low danger of sheet breakage, 
the edge part which has distortion admissibility makes edge support easy. 

[0037]lf a destructive operation of the heat stress on the component parts of a fuel cell and the fuel cell 
especially exposed to a frequent thermal excursion is taken into consideration, the importance of having the 
distortion admissibility of multiple directions in the ceramic sheet which meant the use as a fuel cell electrolyte 
can be recognized more highly. The fuel cell structure which should be observed is provided with the zirconia 
electrolyte sheet stable by the yttria which functions as a container for the fuel or the oxidant which should be 
supplied to a sheet separator or a sheet and which was comparatively attached to the enclosure frame of large 
mass. The frame to which it will come has much larger calorific capacity than the electrolyte sheet which 
supported the electrode layer. 

[0038]In a certain structure, an electrolyte/electrode sheet is attached to these frames so that stress may not 
be substantially received at fuel cell operating temperature. If this fuel cell is come by off when fuel cell 
operating temperature is specified as 800 **, an electrolyte/electrode sheet will be cooled by ambient air 
temperature more quickly than a frame. It can measure that distortion which may be actually generated in the 
electrolyte/electrode sheet attached to the frame in the point of the maximum sheet / frame temperature 
gradient at the time of a cooling process from the coefficient of thermal expansion (1 10x10~ 7 /**) of common 
knowledge of the zirconia stable by yttria reaches also to 0.9%. The electrolyte sheet which has the distortion 
admissibility of this invention can neutralize this distortion easily. 

[0039]There is no straight ridge or straight line, therefore the rib of others by this invention which has high 
distortion tolerance, or a concavo-convex structure is shown to drawing 5 (a) - drawing 5 (g) by the diagram. In 
each of these figures, a line shows the selected unevenness and the straight line crossed over the whole uneven 
pattern is not seen at all. 

[0040]A continuous process can perform easily the pattern stamp to the uncalcinated ceramic sheet provided 
with either of the uneven patterns of these versatility, And when many in the sheet formation process between 
the time of an uncalcinated ceramic sheet being fabricated first and the time of calcination of the dried non- 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipdl.inpit.gojp%2... 2008/10/30 



JP.2001 -229935, A [DETAILED DESCRIPTION] 



6/6 ^— V 



baking sheet being ready differ, the pattern stamp of an uncalcinated ceramic sheet can be attained. Either of 
various uneven patterns provided with desired shape and repetitiousness can be used combining sheet shape 
other than strict plane shape which is tubular and includes dome state, and tubular and the multiaxial distortion 
admissibility in non-plane surface-like fuel cell structure can also be increased. 

[0041]In order to give unequal distortion admissibility and rigidity to a sheet about a certain kind of use, an 
unequal rib pattern is useful. Depending on mechanical environment, it may be needed the special thing [ thermal 
and ] for which a ceramic sheet is used and whose distortion tolerance of one way is higher than other 
directions. An example of such environment is a case of the fuel cell structure where the heat gradient which 
originated in the flow of the irregular gas which crosses an electrolyte, and met one axis is a steep slope from 
the heat gradient which met in other directions. It may be made to compensate the unequal temperature 
distribution in a cell using an uneven pattern which is different when parts differ in the sheet of one sheet. If ** 
which makes a change of many of these about the product, the material, process, and device which the person 
skilled in the art mentioned above, and others is within the limits of a claim, it is possible. 



[Translation done.] 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]As for drawing 1 (a), drawing 1 (b) is a top view of the electrolyte sheet by this invention which 
equipped the whole surface with unevenness of the hexagon, and the sectional view which met the 1 b— 1 b line of 
drawing 1 (a). 

[Drawing 2] As for drawing 2 (a), drawing 2 (b) is a top view of the metallic mold used for manufacture of the 
electrolyte sheet shown in drawing 1 , and the sectional view which met the 2b-2b line of drawing 2 (a). 
[Drawing 3] The top view and sectional view of an electrolyte sheet by this invention which equipped the edge 
part with the uneven pattern 

[Drawing 4]Drawing 4 (a) - (c) is a diagram showing the example of the multiple-directions rib pattern besides 
the range of this invention. 

[Drawing 5]Drawing 5 (a) - (g) is a diagram showing the example of the multiple-directions rib pattern which 

gives effective high distortion tolerance in the flexible ceramic sheet provided by this invention. 

[Description of Notations] 

10 Metallic mold 

12 A clipping of a hexagon 

20 Ceramic sheet 

22 Unevenness of a hexagon 

30 The edge part provided with unevenness 

32 Unevenness of a hexagon 

34 A flat center section 
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http://www4.ipdl.inpit.gojp/cgi-bin/to 2008/10/30 



JP, 2001 -229935, A [DRAWINGS] 



1/2 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3 ] 
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